Systemic complications are common in status epilepticus. We have no tools to evaluate total burden of complications and its effect on the outcome of status epilepticus. For Complication Burden Index (CBI) a patient is assessed for 13 complication categories: respiratory, cardiovascular, nervous, renal, hepatic, coagulation, gastrointestinal and musculoskeletal systems, electrolyte/acid-base balance, infection, hypo-/hyperglycemia, skin/allergic reactions, and mental condition. Maximum CBI is 13. CBI was internally validated in a retrospective cohort of 70 consecutive adult patients with generalized convulsive status epilepticus (GCSE) treated in a tertiary hospital over a period of 2 years. Functional outcome at discharge was defined Poor for Glascow Outcome Scale (GOS) 1-3 or worse-than-baseline condition and Good for GOS >3 or return to baseline condition. Relative risks (RRs) and receiver-operating characteristic (ROC) -curves were calculated to obtain optimal cutoff. Functional outcome was poor in 40% and worse-than-baseline in 59%. In-hospital mortality was 7%. Average CBI was 3.8 (range 0-10, median 3). Cutoff value predicting poor functional outcome was a CBI >3 (GOS 1-3 RR 1.84, P = .045, 95% confidence interval [CI 1.01-3.33; ROC-AUC [area under the curve] 0.687, P = .008, sensitivity 64%, specificity 61%; worse-than-baseline condition RR 1.52, P = .04, 95% CI 1.02-2.26; ROC-AUC 0.662, P = .022, sensitivity 56%, specificity 69%). CBI with cutoff >3 and as a continuous variable was associated with GOS1-3 (P = .046, P = .002) and with worse-than-baseline condition (P = .041, P = .004). CBI is a novel tool for comprehensive assessment of status epilepticus complications predicting poor/ worse-than-baseline functional outcome with cutoff >3.
affect the outcome. Risk of complications increases as the duration of SE treatment increases, 5, 6 and conversely, complications increase the risk of refractoriness 7 and prolong the hospital admittance. 8 A few studies report that mortality in SE might be related to systemic complications in 12%-50% of the cases. 6, [9] [10] [11] Although complications such as infection, 12 vasopressor use, 9 or mechanical ventilation 13 have been associated singly with poor outcome, only intubation has been included in published outcome scores. [2] [3] [4] We lack tools to evaluate total complication burden and its effects on outcome.
In this study we aimed to create an easy-to-use tool, Complication Burden Index (or CBI), for comprehensive evaluation of complications during the hospital treatment of SE patients and to assess its effect on patients' outcomes, mainly for research purposes.
| MATERIAL AND METHODS

| CBI definition
To estimate comprehensively the burden of complications during the hospital treatment of SE we developed the Complication Burden Index (or CBI), for which the patient is scored for 13 categories (Table 1) . Complication was defined as a condition emerging during the treatment of SE and was neither related to SE itself nor regarded as an etiology for the current SE episode. Occurrence of a complication in a particular category was counted only once regardless of the severity of the complication or the number of the complications in one category. Maximum CBI is 13.
The category specification was derived from established intensive care unit (ICU) scoring systems Sepsis-related Organ Failure Assessment score (SOFA), 14 Acute Physiology and chronic Health Evaluation III (APACHE III), 15 Simplified Acute Physiology Score II (SAPS II) 16 and Multiple
Organ Dysfunction Score (MODS). 17 These scores take into consideration routine physiologic measurements regarding respiratory, cardiovascular, hepatic, coagulation, renal, neurologic, and electrolyte/acid-base balance systems. Additional categories of infection, hypo-or hyperglycemia, skin/ allergic reactions (decubitus), musculoskeletal (rhabdomyolysis, fractures, dislocations), gastrointestinal (ileus, melena), and psychiatric problems (delirium, depression, delusion) were included in CBI to also include commonly encountered complications of SE patients as reported by Hocker.
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Endotracheal intubation was used as a surrogate marker for respiratory failure, thus mechanical ventilation regardless of the reason is counted as a complication in respiratory system category. Similarly, need for vasopressor treatment regardless of the reason is regarded as a complication in cardiovascular category, since the reason for vasopressor need (neurocardiogenic or medication-related) is impossible to distinguish retrospectively. Infection was scored when a treating physician noted infection or a patient needed antibiotic treatment. Relative risk (RR) and receiver-operating characteristic (ROC) curve calculations were performed to assess cutoff value for predicting functional outcome.
| Validation
The CBI was internally validated in a retrospective cohort of 70 consecutive patients with generalized convulsive status epilepticus (GCSE) (≥16 years) treated in Helsinki University Central Hospital (HUCH) over a period of 2 years.
Established SE was defined, according to the operational definition used at the time of material collection, as continuous seizure lasting over 30 minutes, several recurrent seizures without returning consciousness, or 
Key Points
• Systemic complications are common in status epilepticus (SE) and involve every organ system • The Complication Burden Index (CBI) was created to evaluate total complication burden and its effects on outcome • CBI is related to poor/worse-than-baseline functional outcome with cutoff >3 after status epilepticus • CBI could be a useful tool in SE outcome studies as a prognostic marker occurrence of more than 4 seizures within any 1 hour irrespective of return of consciousness in between. Unconscious patients having a convulsive seizure were considered as having GCSE. Patients failing to respond to the first-and second-stage treatment were considered as having refractory SE (RSE). Patient demographics and complications were collected from the original medical records throughout the period of hospital care. Outcome of the patients was defined using functional outcome assessed by Glasgow Outcome Scale (GOS): GOS 1-3 for poor outcome, GOS >3 for good outcome, and by determining qualitatively the patient's condition relative to baseline condition (worse vs baseline) at hospital discharge. An association of the complications with functional outcome was obtained by univariate analysis.
| Statistics
Data are given as number of cases and percentage. ROC curve analysis was performed and optimal cutoff was found by maximizing Youden's index, giving equal weight for sensitivity and specificity. Risk ratios were calculated with log-binominal regression model. For calculation of risk ratios, the number of complications of 7 or more were combined. The Mann-Whitney test was used to compare the difference in continuous variables between the groups. P < .05 was considered statistically significant and 2-tailed tests were used.
| RESULTS
The clinical data and outcome measures are presented in Table 2 . GCSE was refractory in 88.6% of the cases. Sixty-nine (99%) of the patients had at least one complication during the GCSE treatment. The distribution of the complications in CBI categories is presented in Table 3 ; 28.6% of the complications were regarded as serious causing conceivable or immediate risk of death, for example, sepsis, pneumonia, acute tubular necrosis, stroke, critical illness myopathy/ polyneuropathy, acute myocardial infarction, arrhythmia, or hepatic encephalopathy.
Average CBI was 3.8 (range 1-10, median 3). Optimal cutoff predicting poor functional outcome was >3. Relative risk for the GOS 1-3 was 1.84 (P = .045, 95% confidence interval [CI] 1.01-3.33) and for the worse-than-baseline condition 1.52 (P = .04, 95% CI 1.02-2.26). For the GOS 1-3, ROC-AUC (area under the curve) was 0.687, P = .008, sensitivity 64%, and specificity 61%; and for the worse-than-baseline condition ROC-AUC was 0.662, P = .022, sensitivity 56%, and specificity 69% (Figures 1  and 2 ). The univariate analysis of the associations of complications to functional outcome at discharge is presented in Table 4 . CBI is related to poor (GOS 1-3) functional outcome (P = .046) and worse-than-baseline condition (P = .041) with the cutoff >3. Identical relationships were obtained also with CBI as a continuous variable (P = .002, P = .004, respectively). Use of vasopressors was associated with poor functional outcome (GOS 1-3; P = .039). All the other associations that were tested singly did not reach statistical significance.
T A B L
E 2 The demographics, clinical data, and the outcome measures
| DISCUSSION
We present a novel tool to comprehensively estimate the burden of complications in the treatment of status epilepticus. CBI was validated internally and is associated with poor/worse-than-baseline functional outcome after GCSE with a cutoff CBI >3.
Complications occur at every stage of the SE and may involve every organ system. Our study demonstrated that they often are numerous. Almost all patients had at least one complication, half of the patients had 3 complications, and almost every third patient had a potentially life-threatening complication. The large proportion of refractory SE in our material may contribute to the high prevalence of complications in this study. In accordance, a previous report shows that 85% of the SE patients have failure in at least one organ system during the SE episode.
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ICU scores such as SOFA, 14 APACHE III, 15 SAPS II, 16 and MODS 17 have been created to predict patients' outcomes and risk of death during the ICU treatment. These scores comprehensively determine the extent of a patient's organ function or rate of their failure and predict the outcome, which may be used to direct the treatment decisions in the ICU. In prolonged ICU care the patients commonly encounter other organ failures or problems that might impair the outcome and complicate recovery. Assessment of these emerging complications, listed in Material and Methods section, are included in CBI extending the coverage of outcome prediction. Several studies indicate that complications play an important role in determining a patient's outcome. Mechanical ventilation has been associated with higher mortality, 13, 19 even proposed as an independent outcome predictor, 20 and is already incorporated into END-IT. 4 The F I G U R E 1 ROC curve for the CBI (GOS). Sensitivity 64% and specificity 61% at optimal cutoff >3 F I G U R E 2 ROC curve for the CBI (condition at discharge).
T A B L E 3 The distribution of the complications in CBI categories
Sensitivity 56% and specificity 69% at optimal cutoff >3 KÄMPPI ET AL.
| 179 current and previous studies 12 do not support this conclusion.
Infections are related to prolonged hospital stay, 8, 21 increased risk of poor functional outcome, 12, 19 and death. 7 In our study, infections alone were not associated with poor functional outcome, which might be related to a relatively high proportion of infections in the material. Among SE patients, 63% present markers of cardiac injury, 22 58% electrocardiography (ECG) changes during the first 24 hours of SE, 23 and these changes might be associated with a higher risk of death. Arrhythmias requiring intervention have been associated with poor functional outcome. 19 Previous studies indicate that vasopressor use is an independent prognostic marker for poor outcome 9 and increases the risk of death. 13 This is supported by our results.
The variety of complications and somewhat incoherent results of previous studies reinforce a more comprehensive evaluation of complication burden. Our results show that prediction of poor/worse-than-baseline functional outcome requires involvement of more than 3 complication categories. Therefore, CBI complements the previously published SE outcome scores STESS and EMS in assessing the outcome after SE.
This study was conducted in one tertiary center and includes a relatively small number of patients. Only GCSE patients were included to enhance the homogeneity of the material. The operational definition of SE (30 minutes) used at the time of material collection may have resulted in the high proportion of RSE cases. This study reveals the distribution of complications in the ICU setting and may call for caution in generalizing the conclusions. These findings should be confirmed by prospective external validation using the current definition of SE revised in 2015. 24 Regardless of these reservations, CBI may be considered as a useful prognostic marker in the outcome studies of SE.
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The univariate analysis of the associations of complications to functional outcome at discharge 
